BACKGROUND: Children and adolescents with autism spectrum disorder (ASD) have many well-known health concerns, yet health conditions in adults with ASD remain poorly defined. OBJECTIVE: To examine health conditions and functional status in adults with ASD and identify factors associated with health and functional status across age cohorts. DESIGN AND SUBJECTS: We collected cross-sectional data from 255 adult subjects aged 18 to 71 years with ASD using the Rochester Health Status Survey IV (RHSS-IV), a 58-item validated survey instrument. We used the National Health and Nutritional Examination Survey and National Health Interview Survey to provide comparative prevalence rates in the general population. RESULTS: Compared to the general population, young adults aged 18-29 with ASD had a substantially higher prevalence of seizure disorder (11.2 % vs. 1.4 %; p= 0.002), depression (16.4 % vs. 6.4 %; p=0.007), hypertension (12.9 % vs. 6.3 %; p=0.05), and allergies (39.7 % vs. 8.4 %; p<0.001). In contrast, young adults with ASD had considerably lower rates of sexually transmitted illness (STI) (0.9 % vs. 4.3 %; p=0.03), tobacco use (5.2 % vs. 31.9 %; p<0.001), and alcohol misuse (0.9 % vs. 11.9 %; p<0.001). Adults 40 and over with ASD also had higher rates of seizure disorder (29.2 % vs. 1.7 %; p < 0.001), lower tobacco use (2.8 % vs. 24.5 %; p<0.001), and lower alcohol misuse (1.4 % vs. 18.2 %; p<0.001) compared to the general population. Amongst the 55 % of participants with a documented IQ score, 91 % had an intellectual disability (IQ < 70). Within the cohort aged 40 years old and older, only 54.2 % were independent with eating, 43.0 % independent with dressing, and 43.1 % independent with bathing. Lower IQ and depression were associated with lower functional status. CONCLUSIONS: Adults with ASD have a high prevalence of seizure disorders and depression, but low rates of STIs, tobacco use, and alcohol misuse. Within our cohort, the majority of older adults with ASD required some assistance with activities of daily living.
different age groups; (2) examine the prevalence of medical and psychiatric conditions in adults with ASD and to compare the prevalence to the general population; and (3) identify factors associated with worsening health and functional status.
METHODS

Rochester Health Status Survey (RHSS)
We collected cross-sectional data from adults aged 18 years and over with ASD using the Rochester Health Status Survey IV (RHSS-IV). The RHSS-IV is a 58-item validated survey of health and functional status in adults with intellectual or developmental disabilities (IDD). 18 The survey instrument was previously validated using three different reviewers and a developmental disabilities geriatrician. 18 The survey instrument has five sections: (1) demographics, (2) general health status health, (3) medical conditions, (4) functional status, and (5) health services utilization.
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Study Sites
We collected data at eight different sites, including a large primary care network in Rochester, NY. Sites were included based on their ability to collect data on adults with a broad range of intellectual and neurodevelopmental disabilities, including ASD. Data were collected from nonprofit agencies and primary care offices located in Rochester, NY; Batavia, NY; Syracuse, NY; Brewster, MA; St. Louis, MO; Torino, Italy; and Israel. The majority of cases (205, 80.4 %) came from a primary care network in Upstate NY, which included 28 practices. In addition to our primary analyses, described later, we also performed a sensitivity analysis including only sites from the Rochester area.
Age Groups
To examine the association of age with health status and allow for comparison with normative samples, we divided our sample into an 18-29 year old group, which included almost half of the subjects, and two older groups that were similar to each other in size: 30-39 years old and 40 years old and over.
Identification of ASD Subjects
We identified subjects with ASD based on a multi-step process. Potential cases were first identified based on either disease registries or a broad query of the electronic health record using ICD-9 codes of 299.xx on the problem list. Because of their ages, participants received their ASD diagnosis many years prior to the changes in the DSM-5 definition of ASD. Hence, some conditions, such as pervasive developmental disorder (PDD-NOS), may or may not have been associated with ASD. The diagnosis of ASD was subsequently confirmed upon manual chart abstraction. Only subjects with a confirmed diagnosis of autism, ASD, or Asperger's syndrome were included in the analyses.
Medical records from the Rochester, NY cohort were identified initially based on an electronic query of the electronic health record, and were subsequently manually abstracted by the fifth author, an experienced nurse. Medical records of Israeli participants were identified from disease registries from people receiving their community-based care from the Ministry of Social Affairs and Social Services' Division for the Care of People with Intellectual Developmental Disabilities. The remaining sites similarly identified subjects with ASD from disease registries.
RHSS Data Abstraction
At all sites, data were collected from chart review by dedicated research nurses who had received training in the use of the RHSS-IV survey instrument for data abstraction. Chart review and data abstraction required approximately 60 minutes per subject. The research nurses confirmed the diagnoses through direct chart review prior to manual data archiving. No data were collected from patients directly or from proxy participants. A physician experienced with intellectual and developmental disabilities was available to assist with data collection. Once collected, the data were double-entered into two separate Microsoft Access databases and then compared for any inconsistencies using SAS version 9.3. Any inconsistencies were reconciled with the primary paper survey.
RHSS-IV Variable Creation
Within the RHSS-IV, overall health was rated as (1) excellent, (2) good, (3) fair, or (4) poor. We combined health status into either excellent/good or fair/poor for analyses. We examined specific health conditions in multiple broad categories, including heart and circulatory diseases, pulmonary diseases, endocrine/ metabolic diseases, gastrointestinal diseases, neurologic diseases, genito-urinary and kidney diseases, dental diseases, and musculoskeletal conditions. The existence of a specific health condition was evaluated based on questions inquiring about individual health conditions within each category. We analyzed health conditions based on the prevalence of the condition since the age of 21 or if the condition appeared within the last 24 months. Functional ability was based on subjects' abilities to perform their activities of daily living (ADL). Each ADL was recorded as either: (1) independent, (2) requiring supervision or verbal prompt, (3) requiring physical assistance, or (4) totally dependent.
We determined IQ based on chart abstraction. When available, IQ was obtained from prior psychological evaluation. IQ was available for 55.3 % of the sample. Missing data are included in Table 1 and incorporated in the percentages.
National Health and Nutrition Examination Survey (NHANES) and National Health Interview Survey (NHIS)
We used NHANES and NHIS to provide prevalence estimates for common health conditions in the general population. NHANES is a multistage probability survey designed to assess the health and nutritional status of adults and children in the United States.
21 NHANES combines both interviews and physical examinations and is conducted in 2-year cycles. Similarly, NHIS is a cross-sectional household interview survey that is performed continuously throughout the year. 22 NHIS also follows a multistage probability design that permits the representative sampling of households. Both surveys are conducted by the National Center for Health Statistics (NCHS) and the Center for Disease Control and Prevention (CDC).
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We used NHANES 2009 and NHANES 2011 for all measures of disease prevalence except for estimates of seizure and migraine prevalence, which were not available in NHANES. We used NHIS 2013 to estimate the prevalence of seizures and migraines in the general population. We excluded persons with ASD from our general population data.
NHANES and NHIS Variable Creation
Within NHANES and NHIS, we defined almost all conditions based on the question BHas a doctor or health professional ever told you that you had or have _____?^We defined alcohol misuse based on the question BWas there ever a time or times in your life when you drank four or more drinks of any kind of alcoholic beverage almost every day?^We defined tobacco use as using tobacco or nicotine in the last 5 days.
We defined depression within NHANES using the Patient Health Questionnaire (PHQ-9). 23 The PHQ-9 is a nine-item screening instrument that asks questions about the frequency of symptoms of depression and scores them on a scale from 0 to 3. The PHQ-9 has been well validated and is commonly used in clinical settings and research studies to define depression. 24 We used a score of 10 or higher to define depression. 25 
Statistical Analyses
We performed all statistical analyses using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Within our RHSS sample, we calculated confidence intervals around our point estimates of disease prevalence in adults with ASD using the Clopper-Pearson method to account for the small sample sizes in some cells. 26, 27 Within NHANES and NHIS, we used survey-function procedures (Proc SurveyFreq, Proc SurveyMean) to appropriately weight visits and account for the complex sampling design. We calculated 95 % confidence intervals for prevalence estimates accounting for the complex sampling design of NHANES and NHIS. We used domainfunctions to analyze the subpopulations within each age group. This method accounts for the variability of the entire sample when estimating the variances within the domain subgroups. All values reported met the strict release standards established by the NCHS based on the relative standard error of the point estimate and the absolute number of visits.
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We subsequently compared the prevalence of health conditions in adults with ASD to the general population. Given two proportions and the confidence interval associated with each proportion, we first calculated the difference between the two proportions. Then we estimated the standard errors for this difference using the calculated confidence intervals and the variance formula for the difference statistic. We normalized the difference statistic using the estimated standard error to obtain the z-score and associated p value for a two-tailed test.
For adults with ASD, we used logistic regression models to examine trends in the prevalence of health conditions across age. For each health condition, we modeled the dependent variable (health condition represented as present/absent) across age groups while adjusting for gender. We included age group as a categorical variable.
We examined factors associated with overall health and functional status in adults with ASD using bivariate and multivariate analyses. We compared proportions with chi square test statistics for general proportions and the Cochran-Armitage test for ordered proportions. We subsequently used logistic regression to examine the independent factors associated with health and functional status. We included age, gender, and IQ in based on clinical significance. We included health conditions with p<0.2 on bivariate comparison in the model.
Sensitivity Analyses
Due to the potential for heterogeneity in data abstraction between the sites, we also performed a subgroup sensitivity analysis including only subjects from the primary care network of practices in Rochester, NY. The prevalence of health conditions in a subsample of subjects from Rochester, NY did not differ from the entire sample (data not shown, but are available upon request).
This study was approved by the University of Rochester Research Subjects Review Board and the protocols used by NHANES and NHIS were approved by the National Center for Health Statistics (NCHS) Institutional Review Board. 
RESULTS
We examined 255 adult participants with ASD. GERD gastroesphageal disease; ADHD attention deficit hyperactivity disorder; COPD Chronic obstructive lung disease; STI sexually transmitted illness * Confidence intervals obtained using the Clopper-Pearson method due to small sample sizes in some cells † All data are from NHANES 2009-2010 and NHANES 2011-2012 unless otherwise specified ‡ Data from NHIS 2013 § Depression defined as have a PHQ9 score of 10 or greater. MEC weights used to calculate weighted estimates ‖ The 12-month prevalence of generalized anxiety disorder among adults is estimated to be 2.9 % United States. 28, 29 The lifetime risk for generalized anxiety is estimated at 9.0 %. 28 ,29 ¶ The lifetime prevalence of schizophrenia appears to be approximately 0.3-0.7 %. 28, [30] [31] [32] The prevalence of psychotic disorder due to another medical condition has been estimated to range from 0.21 % to 0.54 %. 28, [30] [31] [32] The lifetime prevalence of all psychotic disorders is estimated to be approximately 3 % 32 # COPD includes emphysema and chronic bronchitis ** Includes any thyroid problem † † Defined as using tobacco or nicotine in the last 5 days ‡ ‡ Defined as drinking 5 or more drinks per day almost every day § § Defined as having gonorrhea, chlamydia or genital herpes in the past 12 months 33.8 vs. 34.5 years and within the 40-71 age group, the mean age was 48.8 vs. 53.7 years, respectively. A total of 4.7 % of the sample was 60 years of age or over. Table 2 depicts the reported overall health status and health conditions in adults with ASD and in the general population. Participants with ASD reported similar overall health status as the general population across the age groups. Compared to the general population, young adults aged 18-29 with ASD had a substantially higher prevalence of seizure disorder (11.2 % vs. 1.4 %; p=0.002), depression (16.4 % vs. 6.4 %; p=0.007), hypertension (12.9 % vs. 6.3 %; p=0.05), and allergies (39.7 % vs. 8.4 %; p<0.001). In contrast, young adults with ASD had considerably lower rates of sexually transmitted illnesses (STI) (0.9 % vs. 4.3 %; p =0.03), tobacco use (5.2 % vs. 31.9 %; p<0.001), and alcohol misuse (0.9 % vs. 11.9 %; <0.001). Adults 40 and over with ASD similarly had higher rates of seizure disorder (29.2 % vs. 1.7 %; p<0.001) and lower tobacco use (2.8 % vs. 24.5 %; p<0.001), and alcohol misuse (1.4 % vs. 18.2 %; p<0.001) compared to the general population. Table 3 shows the adjusted odds ratios for the trend in the prevalence of heath conditions across the different age groups. Compared to younger adults aged 18-29 years, adults with autism aged 40 years and older had an increased prevalence of seizure disorder (AOR 3.1; 95 % CI 1.5-6. Within our sample, fewer than half of all adults with ASD were independent with all of the activities of daily living (ADL) ( Table 4) . Across the age groups, independence with all ADLs decreased among the older age groups. In participants over 40 years old, only 54.2 % were independent with eating, 43.0 % were independent with dressing, and 43.1 % were independent with bathing. In this age group, 4.2 % required a cane or walker and 10.7 % required a wheelchair. Table 5 demonstrates factors associated with overall health and functional status. Female gender, seizure disorder, gastroesophageal reflux disease (GERD), attention deficit hyperactivity disorder (ADHD), and dental disease were all associated with lower reported health status. Lower IQ, seizure disorder, and depression were associated with worse functional status.
DISCUSSION
Although ASD is well described in the pediatric literature, this is one of the few studies to examine health conditions and functional status in adults with ASD. 14, 15, 33, 34 Most notably, we found a considerably higher prevalence of seizure disorders in adults with ASD in all age groups compared to the general population. We also found higher rates of depression, hypertension, and allergies in young adults with ASD, which approached the prevalence of the general population in our older age groups. We also found high rates of anxiety, GERD gastroesphageal disease; ADHD attention deficit hyperactivity disorder * Age was modeled as a categorical variable and adjusted for gender psychosis, and ADHD in adults with ASD, although direct comparative results to the general population were not available. In contrast, we found substantially lower rates of migraine headaches, STI, tobacco use, and alcohol misuse in adults with ASD compared to the general population.
Our results are consistent with prior literature, but provide an expanded view of health conditions and functional status and examine an older age distribution of adults with ASD than previously identified.
15,34, 35 Kohane and colleagues recently examined health conditions in children and young adults with ASD through several large quaternary hospitals and found a high prevalence of epilepsy, schizophrenia, and bowel disorders. 15 A similar review of electronic health records by Croen and colleagues found that young adults with ASD experience increased rates of seizures, hypertension, dyslipidemia, sleep disorders, and nearly all psychiatric disorders compared to controls. 34 We similarly found higher rates of seizure disorder across all age groups and found high rates of depression, hypertension and allergies in young adults with ASD, although these approached the prevalence of the general population in our older age groups.
We also found that adults with ASD developed several health conditions commonly seen in the general population with increasing age. Hypertension, hyperlipidemia, constipation, hypothyroidism, and urinary incontinence all increased across our age groups. Although these conditions occurred at rates similar to the general population, it is important to recognize that adults with ASD are at similar risk for these common conditions. Unfortunately, adults with intellectual or developmental disabilities frequently face many barriers to accessing health care and receiving recommended treatments for common problems. 17, [36] [37] [38] [39] [40] Thus, clinical recognition of these conditions becomes even more critical to providing comprehensive care to adults with ASD.
In contrast to many diseases, we found the prevalence of sexually transmitted illnesses, tobacco use, and alcohol use in adults with ASD were all substantially lower than the general population. This finding is consistent with literature in adults with other neurodevelopmental disorders. 41 It is possible that the characteristics inherent to ASD limit exposure to situations where tobacco and alcohol use are common. It is also possible that providers are less likely to inquire about alcohol or tobacco use in patients with ASD. Communication barriers, stereotypes about ASD, and methodological limitations of chart abstraction may further limit identification of these conditions. In addition to examining health conditions, we found that functional status in adults with ASD was substantially lower in older age cohorts. Ultimately, we found that the majority of adults with ASD within our cohort required some assistance with basic ADLs. It is well known that functional decline is associated with aging in both IDD and similar populations. 16 We found similar results in our population of adults with ASD, but this finding must also be considered within the context of our cohort, in which a considerable percentage of our sample had a concomitant intellectual disability.
Our study has several important limitations and must be interpreted in the context of our sample of adults with ASD. First, IQ status was not available for almost half of our study sample. It is probable that those with an intellectual disability were more likely to have their IQ tested and recorded. Where IQ data was available, a majority had an intellectual disability, which may have skewed our results towards a sample with worsened functional and health status. Second, although we conducted detailed evaluations, our total sample size was limited to 255 adults with ASD. Due to the limited sample size, we may have missed lower prevalence conditions. 42 It is also possible that medical problems are under-reported in the chart reviews. Third, the RHSS-IV differed from the surveys given to the normative sample; it is possible that this variation either accentuated or attenuated the differences we observed between the ASD and normative groups. Fourth, our sample of adults was weighted towards younger adults. Despite the younger distribution, 28 % of our sample was over 40 years of age, representing one of the oldest distributions of adults with ASD studied to date. Our sample was also predominantly male, consistent with the gender distribution in ASD. We did not match subjects from the ASD sample to subjects in the national databases to provide comparisons to the broad general population. In addition, we did not have comparative data on functional status within the national databases to compare with our data on adults with ASD. Last, it is possible that a cohort effect was present. Given the increased awareness of ASD over the years, there is a possibility that younger age groups may have included milder cases of ASD that would not have been identified in previous age cohorts.
Our study has several important implications for the care of adults with ASD. Recognition of seizure disorders in adults with ASD is particularly important due to its association with worse overall health status, decreased functional ability, and overall mortality. Mortality studies in ASD have found that epilepsy accounts for a large component of early mortality. [43] [44] [45] [46] Due in part to seizure disorders and accidents, life expectancy is reduced in adults with ASD, ranging from 3 to 6 years shorter for men and 3 to 12 years shorter for women. 45, 46 It is also important to recognize that adults with ASD develop many conditions similar to the general population. Thus, greater advocacy and awareness is needed to ensure that adults with ASD are treated for both conditions more prevalent in ASD and conditions that are commonly encountered with advancing age.
